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In  Part  I,  oonflrnetory  evidenoe  has  heen  adduced  lor  the  metdianism  of  lacta- 
■Isatlon  of  mett^l  esters  of  a^|{>toluene-£-8ulphongrl  derivatives  of  ai.i-diainlno-aclds 
In  aqueous  solution,  shioh  was  described  in  the  Pinal  Technical  Report  under  Contract 
.  Participation  of  the  sulphonamide-group  has  been  excluded,  since 
the  kinetics  of  laotaaization  of  nethyl 

rate  (/J'.TBUB),  in  which  lonisatian  of  the  sulphonajnide  groi^  is  precluded,  exo  exactly 
parallel  to  those  of  the  cogtpounds  studied  earlier. 

In  Part  II,  kinetic  studies  of  the  action  of  tiypsin  on  various  synthetic  sub> 
stxates  have  been  onplified.  nie  significance  of  the  experimentally  observed  vsilues 
of  various  kinetic  constants  is  considered  theoretically  in  the  light  of  the  probable 
three-step  mechanism  for  catalysis  by  proteolytic  enzymes  such  as  trypsin.  In  the 
trypsin-catalysed  hydrolysis  of  esters  of  a-J^toluene-^sulphoiyl-Jf-arginine,  acylation 
and  deacylation  both  appear  to  Influence  the  overall  rate  of  reaction,  idille  in  the 
case  of  eaters  of  o^JMenzoyl-Jf arginine,  deacylation  is  rate-determining.  An 
ionizable  group,  whose  apparent  pl^  and  heat  of  ionization  are  consistent  with  those 
of  an  imidazole  nucleus,  is  implicated  in  the  trypsin-catalysed  hydrolysis  of 
toluene-g-aulphonyl-Jf-arginine  methyl  ester,  Cholate  ion  accelerates  the  tiypsin- 
oatalysod  hydrolysis  of  esters  of  o-^tolueno-£-Bulphoryl-J(-arginlne  and  -homoarglnine 
slightly  inhibits  the  hydrolysis  of  a-|f»benzoyl-Jj-arginine  ethyl  ester  (BASeX  Using 
substrate  concentrations  high  enough  to  ensure  obedience  to  zero-order  kinetics, 
activation  constants  have  been  determined.  Those  for  the  trypsin-catalysed  hydrolysis 
of  the  methyl  and  ethyl  esters  of  a-jj-toluene-£-aulphonyl-I{-arglnine  (TAKE  and  lAES) 
converge  to  practiccdly  Identical  values  with  increasing  cholate-oonoentretion.  Uhls 
suggests  that  in  piresenco  of  sufficient  cholate  the  acylation  step  is  sviffidently 
accelerated  so  that  deacylation  of  a  common  inteimiodiate  becomes  rate~determlnlng. 

The  same  effect  is  possibly  exerted  by  cholate  on  the  hydzvslysis  of  a-j^toluens*^ 
sulphanyl-Jfhomoarginine  methyl  ester,  and  supporting  evidence  is  adduced  from  deter¬ 
mination  of  apparent  values.  a-^f-Toluene-jf sulphoiyl-^fOmithine  methyl  ester  is 
slowly  hydrolysed  by  trypsin  at  pH  7,0  and  the  kinetics  are  first-order  with  respect 
to  substrate.  There  is  evidence  that  this  reaction  is  not  completely  stereospeclfic. 
The  hydrolysis  is  appreciably  accelerated  by  cholate  with  an  attendant  deca^ase  in  the 
apparent  energy  of  activation  for  the  reaction. 

In  Part  HI,  we  report  a  study  of  the  kinetics  of  thrombin-catalysed  reactions. 
Using  the  Ehrenpreis  and  Soheraga  unit  (£.  Biol.  Cihem..  1957,  227.  104-3)  as  a  means  of 
expressing  thrombin  activity,  it  has  been  shown  that  the  velocity  of  a  thrombin- 
catalysed  reaction  is  propcartionol  to  enzyme  concentration.  In  contrast  to 
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tXTpsliy^taJjrsed  roactlona,  the  velocity  of  hydrolysis  of  TAME  hy  thrombin  is  decreased 
.  by  sodium  or  potassium  Ohloride.  like  trypsin-catalysed  reactions,  on  ttie  other  hand, 

the  rate-determining  step  for  the  hydrolysis  of  esters  of  a-J^benzoyl<jfarginine  by 
thrombin  appears  to  be  deacylation.  In  the  case  of  esters  of  c^^toluene-j^sulphonyl- 
Ifsrginine,  both  acylation  and  deaoylation  influence  the  overall  rate  of  hydrolysis, 

Hie  methyl  ester  of  arJf-toluene-j-sulphoryl-Jflysine  (UMB)  is  hydrolysed  by  thrombin 
at  a  rate  similar  to  that  of  TAME.  Rate  constants  for  the  thrombin-catalysed  hydrolysis 
of  TAME  and  B/iEE  do  not  obey  the  Anhenius  law.  The  apparent  dissociation  constant  of 
the  ionl sable  group,  vdil(h  is  involved  in  the  thrombin-catalysed  hydrolysis  of  TAME,  is 
rather  lower  than  that  associated  with  the  trypsin-catalysed  hydrolysis  of  this  substrate. 
Cholate  and  glyooeholate  accelerate  the  thromblnroatalysed  hydrolyses  of  substrates  con¬ 
taining  the  o-j^toluene-^sulphonomide  group,  but  inhibit  the  hydrolysis  of  BAEB.  The 
appaz^t  Kji  values  for  the  TAME-  and  BAEE-thrombin  systems  are  both  decreased  by  bile 
salts.  The  mechanism  by  which  bile  salts  modify  the  kinetics  of  throsibin-catalysed 
reactions  is  probably  similar  to  that  postulated  for  trypsin-catalysed  processes. 
Non-ionic  detergents  such  as  Tween  20,  Twtten  k-0  and  Tween  80  accelerate  the  hydrolysis 
of  both  TAME  and  BAEE  by  thrombin. 


PART  I, 


1HE  KINETICS  OF  LACIAMIZATION  OF  METHYL  EST3BRS  OP  SOME  (u-N-TCQUlENB* 
p-S(JU>HC»YL  IZSIVATIVE3  OP  a«-DIAiaN(VACIlB  IN  AQUBOtS  SOLUTION. 


In  Part  I  of  the  Pinal  Teohnioal  Report  under  the  preoedinp  contract 
(No.  IIA-91-591-BU0-13O1 ),  it  was  shown  that  laotaaization  of  the  methyl  esters  of 
a-t^tolueneHP-sulnhony l-gyemi  thino  (TOME)  and  Y-amino-a-toluene-]^sulphonamido- 
butyric  add  (ATSMR)  proceeded  with  hydro:^l-ion  catalysis  in  the  pH  range  7*8  - 
8*5«  We  proposed  the  following  mechonian  for  this  reacticn: 
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The  initial  rate  of  proton  release  at  constant  pH,  u^,  was  given  by  the  equationt 

. 
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where  k  is  the  second-order  rate  constant  for  the  lactanlzatlon  pi^ocesa,K  Is  the 
dissociation  constant  of  the  protonated  aoino-group  of  the  ester  (l),  is  the 
ionic  product  of  water,  and  [S]^  is  the  initial  concentration  of  substrate.  The 
value  of  K,  as  evaluated  ftom  the  application  of  equation  (1 )  to  our  experimental 
data,  was  inconsistent  with  the  participation  of  the  sulphonanlde  group,  and  such 
a  mechanism  appeared  unlikely.  In  order  to  obtain  definitive  evidence  on  this 
point,  we  have  now  synthesised  netlyl  V-amino-Ij-ov-JJ-methyltoluene-g-sulphonamido- 
bu'^rate  (AUTEUE)  in  which  ionization  of  the  sulphonomide  group  is  precluded.  This 
compound  was  readily  obtained  by  raethylation  of  r-benzyloxycarbonylamido-]f<i-toluen^ 
jj-oulphonamidobutyiio  acid  in  a  manner  similar  to  that  described  for  the  synthesis  of 
sorcosine  (Cocker  and  Lapworth,  Chem.  Soc..  1931>  1894-.  Cocker,  Chem.  See.. 
1937»  1693).  Hydrogenation  and  esterification  coitpleted  the  synthesis.  The 
benzylojycarbonylami do-group  was  proved  to  be  unaffected  by  methylatlon,  since  the 
acid  afforded  by  hydrogenation  yielded  nitrogen  ■when  treated  with  nitrous  add  in 


a  Van  Slyke  a^paratua.  In  addition,  tha  ultraviolet  apeotrum  of  the  j}-met)^l  aoid, 
like  that  of  ^.oluene  ^  aulphotiylaarooBine,  vraa  identical  in  acid  and  alkaline 
solution,  vAiereas  that  of  exhibited 

a  pronounced  hyperohromic  effect  at  high  pH  values  resulting  from  Ionisation  of  the 
sulphonamlde  group.  The  kinetics  of  laotamlzation  of  AMmOl  vrere  found  to  be  veiy 
similar  to  those  of  the  two  substrates  previously  studied,  and  our  earlier  views 
oonoenilng  the  mechanism  of  laotamlzation  are  fully  confirmed.  Lactamizatlon  of 
these  esters  appears  not  to  be  subject  to  general-base  catalysis,  since  neither 
pyridine  nor  Imidazole  affected  the  velocity  of  reaction.  More  kinetic  runs  have 
been  carried  out  on  TCUE  and  ATBUX  since  the  last  Final  Technical  Report,  and  the 
oonplete  results  ore  given  in  Table  1  and  2. 


TASm  1. 

Initial  rates  mole  l.”*^nin."^)  of  proton  release  during  lactaiiiizatli»i  of  the 

eaters  (ll)  (standard  errors  of  the  means  In  parentheses). 
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values  for  the  esters  (n)  and  second-order  rate  constemts  (10'S,  mole"^  l.min.''^) 
for  their  lactamizatlon  (stone' ord  deviations  In  parentheses). 
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In  Farts  II  and  III  of  the  Pinal  Technical  Report  under  contract  Qi-91'>591-roC- 
1301,  we  reviewed  the  available  evidence  related  tc  the  nechanlam  of  action  of 
trypaln  and  we  presented  the  results  of  our  kinetic  studies  using  various  synthetic 
substrates.  We  reported  also  that  the  tiypsln-catalysed  hydrolyses  of  the  oetfayl 
esters  of  a>i^toluene-£-suljAonyl-]f-arglnine  and  •>]fhonoarglnlne  (TAME  and  1HAHE 
respectively)  were  accelerated  in  the  presence  of  cholate  ions.  We  do  not  propose 
to  review  the  literature  again  at  length  here,  eind  we  shall  confine  ourselves  to 
presenting  the  results  of  oxai'  oontlnued  studies  of  trypsin  mentioning  only  those 
publications  idilch  are  pertinent  to  the  develqpoent  of  our  concept  of  the  mechanism 
of  action  of  trypsin. 

Sohwert  and  Elsehbcrg  (£.  gio^.  Chen..  1%.9.  ^5)  found  that,  at  substrate 

oonoentratlons  high  enough  to  ensure  that  zero-order  kinetics  were  obeyed,  several 
esters  of  a-^^benzoyl-^arglninc  were  hyilrolysed  by  trypsin  at  identical  rates. 

The  inference  to  be  drawn  from  these  c:g>crinent8  is  that  a  common  intermediate, 
(a-2f-benzoyl-Xi-o2*S^hyl)  trypsin,  is  famed  and  that  the  deacylation  of  this  is 
rate-determining.  The  hydroj^l  group  in  the  serine  msldue  at  the  active  centre 
is  probably  the  site  of  acylation.  Strong  evidence  for  suoh  intermediates  has 
been  obtained  in  the  case  of  chymotzypsln-catalysed  reactions  (P.  Desnuelle  In 
"The  Enzymes",  edited  by  F.  1>.  Boyer,  H.  Lardy,  and  K.  Uyrb&ck,  Academio  Press, 

N.Y.  1960,  Vol.  if,  f»93)*  The  formation  of  cinnamoyl-chymotzypsin  as  an  intei^ 
mediate  in  the  l^drolysls  of  esters  of  cinnamic  add  by  chymotrypsln  has  been 
particularly  fircQy  established  (Bender  d  Zemer,  .jaer.  3oo..  19^1, 

2391).  The  hydrolysis  of  tf-trana-cinnaaovllmldazole  is  catalysed  by  either  trypaln 
or  chymotrypsln  at  pH  5*2,  and  the  formation  of  an  intermediate  olnBamcyl-derlvative 
of  the  enzyme  has  been  demonstrated  In  each  oase  (Bender,  Kaiaer  and  Zemer,  2* 

Chem.  Soo..  19^1,  83,  i«-656).  The  kinetic  mechanism  of  action  of  tiieae  enaymea  can 
tfaua  be  summarized  in  the  eiiqpression: 
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Both  the  en^me-BUbstratc  oooplex  and  the  acyl-enzymo  are  assumed  to  contain  addle 
groups  vhich  must  lose  a  proton  for  reaction  to  proceed.  The  pl^  values  of  these 


groups  are  not  neoossarily  identioal.  Indeed,  if  an  Imidazole  group  is  in^licated, 
hydrogen-bonding  between  the  hydroj^rl  group  of  the  serine  residue  and  imidazole  could 
occur  in  the  enzyme-substrate  complex,  but  not  in  the  acyl-enzyme.  On  the  other  hand, 
hydrogen-bonding  could  occur  between  the  imidazolium  group  and  the  cari)o»yl-grotqB  in  the 
acyl-enzyme.  Consequently,  the  p]^  of  the  group  in  the  enzyme-substrate  conqilex  would 
be  e3q>ected  to  be  lower  than  that  of  the  group  in  the  acyl-enzyme.  Such  a  difference 
has  been  found  in  the  ohymotrypsin-catalysed  hydrolysis  of  j^-nitrt^henyl  acetate 
(Gutfreund  and  Sturtevont,  Proc.  Nat.  Acad.  Sci..  1956*  4^  719).  Biese  authors  have 
also  derived  the  kinetic  equations  which  govern  the  three-stage  mechonism  outlined  above. 
Nhen  the  steady  state  has  been  established,  the  velocity  of  inaction  is  given  by: 
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Experimentally  an  appairent  rate  constant  and  an  apparent  Hichaelis  constant 

^(app)  obtained,  and  these  are  related  to  the  true  rate  constants  as  follows;- 
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^le  determination  of  the  effect  of  pK  on  ^3^app)  ^®®^ds  to  an  apparent  dissodatioii  con¬ 
stant,  which  is  n  function  of  the  dissociation  constants  and  1^  and  the  rate 

constants  kg  and  ky 
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When  deacylation  of  the  acyl-enzyme  is  mte-detcrminlng,  kg.  )^ky  tu»l,  provided  that  1^ 
does  not  greatly  exceed 
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Conversely,  if  the  a<7latlon  of  enzyme  is  rate-determining,  kg  <(  ky  and,  provided  that 
does  not  greatly  exceed  Kg 
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In  general,  let  kg  ■  nk^  and  K^  ■  nKg* 
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If  B>  1,  !(,>  *(app)^  h  conversely,  if  n<1,  K2>  K(app)>  K, 


nms,  olmys  lies  between  the  two  dissodatlan  constants,  but  under  special 

conditions  nay  approximate  to  one  of  them. 

We  have  studied  the  Idnetios  of  the  trypsin-catalysed  hydrolysis  of  the  methyl, 
ethyl,  and  cyolohei^l  esters  of  a^{^toluene-2-sulphanyl-]parpinine  (TAME,  TAEB,  and 
TACHB  respectively),  using  substrate  concentrations  high  enough  to  ensure  zero- 

I 

order  kinetics,  we  were  able  to  measure  ^j^opp^  over  a  range  of  temperatures  and  thus 
to  determine  the  activation  constants.  nie  results  are  presented  in  Tables  3  and  if. 

Table  3. 

Rate  constants  at  cH  SJ.  for  the  trvDsin-oatalvsed  hydrolysis  of  derivatives  of  arginine 
and  honoarglnine. 

Rate  constants  (k-/  \)  are  quoted  with  standard  deviations;  the  number  of  deter¬ 


minations  is  given  in  parentheses. 
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Tatle  i.. 

Activation  constants  at  cH  Q.L  for  the  trypein-catalvscd  hydrolysis  of  derivatives 
of  arginine  and  hotaocrglnine. 

Activation  constants,  with  standard  deviations,  were  calculated  by  the  method  of 

weighted  least  squares. 


^'^(cals./nole  at  25**) 

AS^(cals./mole/*C  at  25**) 

^''(cals^Bole  at  2^ 

TAME  9430  t  110 

8830  t  110 

14749  t  2 

TAKE  10450  t  320 

9860  t  320 

14762  t  2 

CACHE  6700  t  390 

8110  t  390 

14679  t  11 

BASE  12510  t  350 

11920  t  350 

15856  t  10 

mAME  9810 1  70 

9220  t  70 

mSSSM 

16621  t  2 

It  Kill  bo  Been  that  thero  are  amall  but  definite  differences  between  the  Telues 
obtained  using  XAME,  TAZE,  and  TACKE.  Ihere  are  two  possible  explanations.  The 
hydrolysis  of  the  aoylated  trypsin  nay  not  be  rate-determining  and 
inoluds  oontributions  from  both  amd  •  Alternatively,  the  mechanism  is  more 
complex  than  that  outlined  above.  Bender  and  Glasson  (£.  gsg.,  19^, 

333^)  have  obtained  strong  evidence  for  the  presence  of  a  site  in  ohymotrypsln  whioh 
binds  water  or  alcohols,  and  it  is  possible  that  a  similar  site  exists  in  trypsin. 

The  l^drolysis  of  the  aqylated  enzyme  may  be  an  intramolecular  process  involving  a 
molecule  of  water  bound  at  a  site  close  to  the  ac^l  groiq>.  If  the  molecule  of 
alochol,  idiioh  is  formed  during  the  acylation  of  trypsin  by  the  ester  substrate,  oon- 
petes  with  water  for  this  site,  the  acyl-trypsin  intermediates  formed  from  the  three 
substrates  con  no  longer  be  regarded  aa  identical. 

We  pointed  out  in  the  previous  Pinal  Technical  Report  that  the  entropy  of  acti¬ 
vation  for  the  hydrolysis  of  Tfi'JCB  is  more  negative  than  for  the  hydrolysis  of  TuUE, 
suggesting  a  greater  degree  of  structural  organisation  in  the  activated  complex. 

This  may  reflect  a  deformation  of  the  enzyme,  an  Increased  binding  of  solvent  or  a 
more  complex  distribution  of  charges  over  one  of  the  activated  conplexes  involved  in 
the  hydrolytic  mechanism.  Unfesrtunately,  we  have  no  information  so  for  oonceming 
the  nature  of  the  rate-determining  step. 

The  Idnetio  constants  for  the  trypsin-catalysed  hydrolysis  of  cip{p>ensoyl-{f» 
arginine  ethyl  ester  (BASS)  ore  dose  to  those  recorded  for  the  related  methyl  ester 
(filMS)  (Schwert  and  Sisenberg,  Biol.  Chem..  179.  665)  after  oorreetion  Of 

the  value  trr&S^  reported  earlier  (Pinal  Technical  Repoort,  fiA-9l‘^9l<4DCM30l ).  Thim 
supports  the  postulate  that  a  common  intermediate  (ai>j{-4>eneoyl*jf-orginyl)tiyp8in  is 
fczmied  and  that  deacylatlon  of  this  by  water  is  z%te-detennining.  It  also  ioplies 
that  ethanol  and  methanol  are  not  appreciably  bcund  in  the  acylated  intermediate. 

I 

Ssterminction  of  k^  ^  at  various  pB  values  and  tenperatures  has  been  oaxried 
out  using  the  TAKE-txypsln  system.  We  were  able  to  calculate  the  apparent  disso- 
datloQ  constants  at  the  different  tenperatures  (Table  5).  ^(app)*  ^  apparent 

heat  of  ionisation. 

Table  5. 


Teiip>erature  (”c). 

HiSE 

ralue 

THAUZ 

15 

20 

25 

30 

.P 

7.770  i  0.02C 
7.688  i  O.OU. 
7.529  *  0.048 
7Ut50  *  0.038 

6.934.  -  0.037 

The  apparent  heat  of  ic3nl&ati(»i  for  the  lAIIS-trjqpsln  syetbia  me  7070  -  530  oals./ 
mole,  a  value  oonaiatent  vlth  that  for  an  Imidazole  nucleus.  It  is  notable  that  the 
fCr  the  IIUlCE-trypsin  is  considerably  lower  then  that  for  the  T/JIB-tzypsln  system 
at  the  same  teiiperatuze .  Since  It  Is  likely  that  or  pl(|  v  pK^,  the  lower 

•  ,  I 

apparent  pK^  for  the  THiUlB-trypsln  system  nay  be  an  Indication  that  the  ratio  kgAj 
Is  much  lower  for  this  system  than  for  the  lAMB-trypsln  system.  In  other  words,  the 
acylation  step  nay  be  the  main  rate -limiting  stage  In  the  mechanlsn.  Our  results 
differ  somsfhat  fron  those  of  Sonwln  Acta.  1959,  JUf  326),  but  the 

conditions  were  rather  different. 

We  next  oonpared  the  effect  of  cholate  on  the  IdneticB  of  the  txypsln-oatalysed. 
hydrolyses  of  TAKE  and  lAEE  at  high  substrate  concentrations.  Unfortunately  a 
similar  investigation  using  TACHE  was  precluded,  since  addition  of  cholate  to  an 
aqueous  solution  of  this  substrate  gave  a  precipitate.  The  hydrolysis  of  both  sub¬ 
strates  was  nooelerated  by  cholate  and  the  resxjlts,  presented  In  Tables  6  and  7,  show 
that  the  rates  of  hydrolysis,  ^  activation  constants  for  the  two  substrates 

become  much  closer  for  the  two  substrates  In  presence  of  cholate.  Ihus  k2  an^ar 

t 

kj  oust  be  Increased  by  cholate.  It  is,  of  oourse,  possible  that  one  df  these  rate 
constants  la  deoreased  by  cholate  provided  that  the  other  is  sufficiently  increased 

I  ’  A  • 

to  give  rise  to  an  overall  increase  in  increase  in  the  ratio  k  ^ 

might  explain  the  oonvergenoe  of  the  activation  constants  for  IAMB  and  TABS  in  preseno* 
of  cholate.  This  phenomenon  could  be  also  explained  if  Violate  helps  to  remove  the 
bound  aloohol  tron  the  specific  site  on  the  acylated  tzypsln,  and  permit  its  replace¬ 
ment  by  water.  Such  a  process  would  increase  the  rate  of  l^drolysls  of  the  ai^lated 
tzypsln  (l.e.  inczease  k^  )  and  would  explain,  at  least  in  part,  the  obsezved  accele¬ 
ration  of  the  hydrolyses  of  TAKE,  lAEB,  and  TOAMF.  by  cholate.  Cholate  may  intervene 
in  these  reactions  in  other  ways,  however,  and  the  relative  inqportanoe  of  the  various 
effects  may  depend  on  the  particular  substrate.  Ihus  it  will  be  seen  (Table  7)  that 
when  TAKE  or  lABE  are  used  as  substrates,  cholate  tends  to  decrease  c  and  to  make 
as*  more  negative.  Conversely,  in  the  hydrolysis  of  IHAMS,  olthouj^  this  also  is 
accelerated  by  cholate,  addition  of  cholate  increases  and  makes  less  negative. 
If  it  is  assumed  for  the  moment  that  deacylation  of  the  aqylated  enzyme  Is  the  rate¬ 
determining  step,  cholate  apparently  affects  the  structure  of  the  activated  state  as 
well  as  possibly  Influencing  the  binding  of  water  or  alcohol  in  the  ground  state. 

Sudi  perturbations  of  the  activated  state  might  include  (l)  altesmtlon  of  the  helical 
content  of  the  polypeptide  chain,  (2)  alteration  of  the  degree  of  solvent  bindings 
(3)  alteration  of  the  nunher  and  distribution  of  charges.  Alternatively,  If  the 
foregoing  postulate  that  the  lAKE-tzypsin  and  lHAMB-tzypsin  ^sterns  differ  with  regard 
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I  .  t 

to  the  k2/K^  r«.tio  is  oonvct,  the  opposite  effeots  of  oholate  on  the  appcrent  aoti- 

I  t 

vation  oonstnntB  ncy  refleot  the  differing  weights  of  k  2  Ic  ^  in  the  ooniposite 
rate  constant  k  j^^^jfor  the  two  ^stens.  It  is  interesting  to  note  that  increasing 
cholate  concentration  above  0.002  II  has  little  further  effect  on  the  kinetics  of  the 
hgrdrolysis  of  BUMS,  unlike  the  case  of  T^ME,  ihere  cholate  continues  to  modify  the 
kinetics  up  to  a  oonoentration  of  O.OO6  M.  The  effects  of  cholate  on  the  hydrolysis 
of  the  above  substrates  by  tiypsin  is  not  due  to  general-base  catalysis,  slnoe  acetate 
ion  was  inactive. 

Table  6, 


of  arginine  and  homoarginine  in  presence  of  oholate. 

Sate  constants  quoted  with  standard,  deviations; 


the  number  of  determinations  is  given  in  parentheses. 


7- 
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I  (oals./mole) 
& 


(oolsc/nolo 
at  25°0.) 


(oals./nole 
at  25®C.; 


0 

9430  *  110 

10450  *  320 

9810  i  70 

2 

9330  i  340 

9440  i  230 

10280  *  360 

4 

8940  -  410 

9010  t  70 

10400  -  230 

6 

8580  i  120 

8460  -  580 

11060  i  610 

0 

8830  *  110 

9860  i  320 

9220  i  70 

2 

8740  *  340 

8840  i  230 

9680  i  360 

4 

8340  -  410 

8420  i  70 

9810  *  230 

6 

7970  *  120 

7860  i  580 

10470  *  610 

0 

-19.8  -  0.4 

-16.4  *  1.1 

-24.8  -  0.2 

2 

-19.7  -  1.1 

-19.3  -  0.8 

-23.0  t  1.2 

4 

-20.7  *  1.3 

-20.3  -  0.2 

-22.5  -  0.8 

6 

-21.7  -  0.4 

-22.0  t  1.9 

-20.3  i  2.1 

1472^9  -  2  Hf762  i  2 

14610 1  8  14591  i  2 

14509  -  10  14474  -  1 

14443  *  2  14419  -  7 


Ihe  trypsin-catalysed  hydrolysis  of  B/iEE,  unlike  those  of  substrates  bearing  a 

o-jf-toluene-s-sulphonanlde  group,  ms  inhibited  slightly  by  oholate*  Since  tbs 

\ 

available  evidenoc  indicates  that  acylation  of  trypsin  by  B£SB  is  so  fast  that 

I  I 

^  3  (app)  ~  ^3’  appecrs  that  cholate  night  accelerate  the  acylation  step  and 

slightly  inhibit  the  deacylation  stage. 

TTe  have  found  that  the  apparent  Kj|  for  the  T/JiE-tzypsin  systen  is  EUdi  lower 
than  the  values  quoted  by  Martin,  Golubow,  and  .'jcelrod  (£.  £1^.  Qjgjg.,  1959. 

171 8)  and  Ronwln  (Biochin.  Biophvs.  Acta.  1959,  326),  Ihe  fcmcr  workers 

detemlned  Kj|  at  pH  8.0  and  25°  in  0.1  M  ealcixim  chloride,  while  Sonwip  used  either 
veronal  or  succinate  buffer  at  38°  ajid  determined  over  a  range  of  |K  values  in 
the  presence  of  O.OO66  M  calcium  chloride.  '  'u  arc  unable  to  account  for  the  lack 
of  agreement,  although  the  conditions  were  not  identical;  in  pax*ticulnr,  we  detez^ 
mined  in  the  .absence  of  buffers.  At  pH  R.4  and  25°,  in  presence  of  0.001  M 
calcium  chloride,  we  find  that  tlic  for  the  TAKE-trypsln  system  is  6.48  -  0.21 

X  10”^.  In  presence  of  0.002  M  cholate,  the  value  is  1.09  —  0.08  x  10"^.  Ihe  value 
of  j  is  sensitive  to  alterations  in  the  values  of  all  four  rate  constants,  1^, 

t  I  I 

k.,  k,4  k,.  Reference  to  equation  7  shows  that  an  Increase  in  k  -  would  increase 
-1'  2  3’  3 
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an  increase  in  or  k_^  would  decrease  effect  of  alte¬ 

rations  to  k  2  depend  on  tbo  relative  magnitude  of  k_^  and  k  If  k^  >  k  an 

I  I 

increase  in  kg  would  decrease  Thearetioal3y,  if  k^  ^  the  converse 

would  be  true,  but  this  would  be  most  unusual  for  an  enzyme-catalysed  reaction*  It 
is  not  possible  to  determine  Aram  the  present  data  viiich  rate  constants  are  affected 
oholate  in  the  TAME-trypain  system. 

Values  of  *M(app)  ^  -trypsin  system  \mder  various  conditions  are 

recorded  in  Table  8. 

Tabl»  6* 

*M(app)  THAhE-trypsin  system  at  25°. 


(Values  of  are  quoted  with  standard  deviations^  the 

number  of  conplete  determinations  involving  6-8  runs  is 
given  in  parentheses). 


pH 

Oholate  oonc'n.(cl() 

10’*‘  K^^^^j(moles/Litre) 

7.0 

0 

2.391  *  0.070  (3) 

8.4 

0 

3.320  t  0.017  (4) 

8J. 

2 

2.51f3  -  0.288  (1) 

8J. 

6 

2.243  -  0.058  (2) 

It  will  be  seen  that  increases  with  pH  over  the  range  7.0  -  8 A.  Since 

the  dissociation  constant  of  the  group  in  the  Miehaells  complex  is  higher  than  Kg. 

I  I 

it  is  likely  that  k  ^  incrcaacrs  considerably  over  this  range,  idiilc  k  g  is  much  less 
sensitlwe*  The  increase  in  with  Increasing  pH  is  probably  attrlbuisble, 

I 

therefore,  to  the  increase  in  k  ^  *  The  decrease  in  ^  presence  of  oholate, 

I  I 

on  the  other  hand,  is  probably  die  to  an  inorerse  in  k  g  .  The  value  porobably 

does  not  alter  appreoiably,  os  suggested  by  the  foregoing  work,  but  a  asoll  change  in 
either  direction  is  possible. 

We  were  unable  to  study  the  trypsin-catrjysed  hydrolysis  of  opj^toluene.^ 
sulphonyl-lfoml thine  methyl  ester  (TCNS)  at  pH  8.1.,  in  view  of  the  Inotcnizatlan  of 
the  substrate#  ^dtlch  is  c:.t.  lysed  by  hydroj^l  ions  (P^rt  l).  Tkypsln  wrs  found  to 
catalyse  the  hydrolysis  of  TCKE  at  pH  7.0,  however,  with  little  concomitant  lacta- 
nization*  The  suet  be  very  high,  since  thert  wr.s  no  dep'-rture  from  first- 

order  kinetics  with  resx>ect  to  substr-  te  even  whan  the  substir.te  conoentratlon  was 
as  iigh  as  5  x  lO”^.  Pseudo-first-order  rate  constants  ore  recorded  in  Tr.ble  9. 
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TiiU«  9. 

EBate-ant-'gftir  nia  88M.teati,I°r  tty  lan-^fftn  AM- 

(Rata  ooaatants  nre  quoted  with  stondrxd  abvlatioiiB;  the  nuaiber  of 
detenainatlons  ie  given  in  parentheaea). 


t°0 

k  (seo.'*^ 

'/mole  trypsi Vlitre) . 

No  cholate 

2  di  ohol&te 

15 

66,69  -  1.71  (k) 

89.06  i  2.18  (4.) 

20 

97.83  *  3.06  (4) 

123.08  t  2,57  (6) 

25 

133.02  i  3*48  (4) 

169.58  i  2,78  (4) 

30 

193.39  -  2.6l  (6) 

241.06  111. 90  (6) 

In  the  preaenoe  of  0.002  M  cholr.te,  the  apparent  energy  of  activation  is  deoree^ed 
ftoa  12280  -  290  ools./mole.  to  11180  -  260  ools./mole.  It  Is  not  possible  to  deolde 
Area  the  present  data  shioh  step  of  the  ensymio  oechonism  is  affected  by  cholate.  3he 
hordroljrsis  of  TOME  by  trypsin  does  not  appear  to  be  coiapletely  stereospeoiflo.  Using 
the  ester,  we  found  that  the  rate  of  rdkoli  intake  in  presence  of  trypsin  was 
greater  than  when  the  Jpester  of  half  the  nolor  concentration  was  used  as  substrate. 
Moreover,  vben  the  Upester  wre  used  as  substrate,  alkali  \q>tnks  continued  beyond  the 
velue  representing  5(9(  hydrolysis.  Ihls  was  shown  not  to  be  due  to  laotoaisatloa, 
sinoe  a  sample  was  hydrolysed  with  trypsin  until  TU-tSfl  of  the  theoretical  anount  of 
wiki'll  required  for  oooplete  hydrolysis  had  been  used.  At  that  point  a  Sorensen 
titration  indicated  that  only  8.^  of  the  total  anount  of  ester  had  lactonised. 
Finally,  although  good  first-order  plots  could  be  obtained  iVom  the  hydrolysis  of  the 
L-estcr  in  presence  of  trypsin,  similar  analysis  of  kinetic  runs  with  the  Q^pester 
gave  curves,  indicating  that  at  least  two  reactions  with  different  rate  constants 
were  proceeding  sinultoneously.  It  is  possible  that  the  loss  of  oonplete  stereo 
spedfioity  is  due  to  the  shortness  of  the  sldo-ohaln  of  ornithine  oonpared  with 
arginine  and  lysine.  Attacduient  of  TCMI  to  a  spedflo  site  on  the  eniyiae  molecule 
by  the  protonated  nnino  group  may  be  weakened.  Further  shortening  of  the  slde-dhain 
mlg^t  preclude  ary  attachment  to  the  speoiflo  site  and  this  presumably  e^lains  the 
failure  of  trypsin  to  oatolyse  the  hydrolysis  of  ASBB* 


mxn,  wronnis  np  im  miwrai  im  laamnai  »  wnriiiiTiMMW.m  nn«nrMiw 


Z. 


Hiroiibln  is  a  protaolortlo  «n«yae  irtiioh  is  reaponsible  for  the  oonvenion  of 
flbrlnogan  Into  fibrin  during  bloodkolottlng;  It  also  displays  esterase  aotivlly 
towards  substrates  like  TUOt,  Inhibition  of  thrc^in  by  dl-ls^propgrl  pboqphcro- 


fluoridate,  followed  by  partial  hydrolysis,  has  repealed  that  this  ensywe,  like 
trypsin,  ohywotrypsln,  elastase,  and  cholinesterase,  has  the  anino^aold  seiioenoe 
-  gly.a8p.ser.g3y  -  at  the  aotlwe  oentM.  Unfortunately,  throaibin  has  not  been 
purified  as  oo^letely  as  txypsln  or  ohyaotrypsin,  and  it  is  necessary  to  define  a 
suitable  unit  of  activity.  Ihe  literature  abounds  with  different  units  for  eaq^s- 
sing  throAin  activity,  and  we  have  selected  that  due  to  Bhret^reis  and  Soheraga 
(i.  aidl.  1957,  227.  1Cll».3)  as  the  most  suitable  for  our  purpose.  One 

tinrai^in  unit  la  defined  as  that  anount  of  ensywe  required  to  liberate  0.1  fiwole  of 
add  per  wimte  from  1  si*  of  0.01  M  lAIIE  at  pH  8  In  0.1 5  M  Xd  at  25°.  Ve  were 
able  to  oonflrn  the  observation  of  Sfarenprela  and  Soheraga  that  throaibin  solutions 
at  pH  7  and  0*0  retain  their  esterase  activity  for  at  least  nine  days.  On  the 
other  hand  Ronwin  fOanad.  J.  Bioohen.  Rgsiol..  1957,  ^  743)  reports  that  throriiin, 
dissolved  in  glyoerol-water  (l  t  l)  or  isotonic  saline,  becomes  wore  active  as  an 
esterase  dugrlng  storage  at  0-4°.  Using  BASE  (5  x  10'  •^1)  as  siibstrate,  we  found 
that  sero-order  kinetics  were  obeyed  and  the  velocity  was  prt^ortional  to  the 
ensywe  oonoentratlon. 

Die  throsibli^oatalysed  hydrolysis  of  IAMB  is  markedly  dependent  m  iwnio 
strength.  Ronwin  (Canad.  J.  Biochew.  gtnrslel..  1957,  743)  has  reported  that 

Inorease  of  ionic  strength  inhibited  this  reaction,  but  since  he  used  buffers  as 
well,  the  results  are  difficult  to  intezpret.  (Xir  results  (Table  10)  were  obtained 


in  the  absence  of  buffers,  and  it  can  be  clearly  seen  that  k^  (app) 
aaysptotioally  with  Increasing  strength  to  a  limiting  value  which  depends  on  the 


cation.  Our  results  do  not  afford  a  linear  relationship  between  log  and 
where  ^  is  the  ionic  strength,  as  might  have  been  e]q>ected.  Sdieraga  and 
Xhrenpreis  Intern.  Oongr.  Biochewietrv.  Vienna.  Bergawon  Press, 

V61.  X,  p.212)  have  briefly  reported  that  sodlun  chloride  Inhibits  the  hydrolysis 


of  IAMB  by  throid)in  as  the  lonio  strength  is  Increased.  Ihelr  results  qualita¬ 
tively  resesble  ours  and  afford  no  linear  relationship  between  log  k  and 

I  ^ 

A  possible  explanation  for  the  ooq>lex  connoxlon  between  log  k^  and  p  nay  be  tiie 
presence  of  more  than  one  esterase  activity  in  the  thrombin  preparations. 
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Effect  of  lonlo  strength  on  fapp)  ****  thrombli>»oata3yaed 
hYdrolYsle  of  TAME  at  pH  &.L  end  25°0. 

I 

kj  are  quoted  with  standard  deviations;  the  number 

of  'I'jtenBinatlons  is  given  in  parentheses. 

Oono'n.  of  salt  (jt)  ^j^ppjCmoles/litre/ndn./Soheraga  unit/litre). 


NaCl 

KOI 

0.00 

18.071  -  0.078  (5) 

18.071  -  0.076  (5) 

0.05 

5.082  i  0.683  (3) 

13.101* -0.381  (3) 

0.10 

6.752*.  *  0.2*31  (4) 

12.361  i  0.238  (2) 

0.20 

5.112*.  i  0.808  (2) 

10.808  t  0.751  (2) 

0.30 

2*.289  -  0.101*.  (2) 

8,832  i  0.125  (2) 

0.2f0 

3.880  i  0.287  (2) 

8.809  -  0.166  (2) 

Surprisingly,  the  rate  of  hydrolysis  of  BASE  by  thronbin  was  insensitive  tc 
the  ionic  strength  idicn  sodiusi  or  potassiiun  chloride  was  added  to  the  system.  A 
possible  explanation  of  the  inhibition  of  hydrolysis  of  TAME  by  thrombin  with  Inr- 
oreaslng  ionic  strength  is  the  existence  of  a  nechanian  which  Involves  the  approach 
of  ions  of  unlike  charges.  Since  TAME  has  a  positive  charge  on  the  guanidine  group, 
it  night  be  argued  that  a  negative  charge  exists  at  the  active  centre  of  thrombin. 
Such  a  charge  does  exist  on  the  OOg"  group  of  the  aspnrtyl  residue,  adjacent  to 
the  serine  Ksidue  which  is  phosphciylated  by  di-isqpropyl  phosphorofluoridate. 

This  e:q)lanation  is  weakened,  however,  by  the  insensitivity  of  the  BASE-thronbln 
and  TAME-txypsin  systems  to  change  of  ionic  strength.  On  the  other  hand,  it  is 
possible,  as  outlined  below,  that  the  acylation  step  controlled  by  k^  contributes 
to  (app)  ^  lAME-thrombin  system,  but  not  in  the  BAEB-aystem.  In  this 
event,  the  acylation  step  only  could  be  sensitive  to  change  of  ionic  strength,  in 
which  case,  it  could  be  on  indication  that  a  negatively  charged  group  is  the 
nucleophile  '«hl<ii  attacks  the  oorbonyl-'Caxhon  atom  in  the  substrate.  Further 
evidence  must  be  obtained  before  this  point  can  be  established.  It  is  pussling 
that  the  TAMB-tiypsin  system  is  insensitive  to  change  of  ionic  strength  vdien  other 
evidence  indicates  that  the  a<ylation  step  is  partially  responsible  for  the  observed 
value  of  k^  (app)'  interest  to  recall  that  the  velocities  of  certain 

hydrolyses  catalysed  by  chymotrypsln  and  flcin  ore  Increased  as  the  ionic  strength  is 
increased  (Shine  and  Niemann,  J.  Amer.  Chem.  See..  1955*  2Z>  ^73;  Martin  and 
Nienaaii,  J.  /jaer.  Chem.  Soo..  1958,  80,  12*81;  Hammond  and  Gutfreund,  Bioohem.  J.. 


1959,  S,  31^9) 


We  have  determined  (app)  ®  range  of  esters  in  presence 

of  thrombin  at  pH  6.4  and  25°C.  These  include  TAME,  TAKE,  TACHB,  BAEB,  BAME, 
toluene-j^Bulphonyl-J^arginine  fl-propyl  estt  r  (TAEE),  and  a-U-toluene-^-sulphoiyl-Jf- 
lyslne  methyl  ester  (UME).  The  results  are  presented  in  Table  11. 


Table  11 . 


{app)  hydrolysis  of  various  substrates  by  thrombin  at  pH  8»4  and. 

25°0  in  0.1  M  sodium  chloride  solution. 


ValueB>c#k^  are  quoted  with  standard  deviations;  the  number  of  deter¬ 

minations  is  given  in  parentheses. 

Substrate  icAc^  ^^^(moles/litre/min./Soheraga  unit/litre). 

TAME  6.754  *  0.4J1  (4) 

TABS  2.988^0.051(10) 

TAIS  2.611  t  0.056  (6) 

TAIC8E  6.538  -  0.068  (6) 

nME  10A30  -  0.601  (6) 

BAME  3.233  -  0.071  (5) 

BABE  3.246^0.013(15) 


It  will  be  noticed  that  T/>CKE  is  hydrolysed  considerably  more  rapidly  than  TAB  or 
TAIC,  and  it  is  intsgreBtlBg  1d<at  this  order  is  the  opposite  of  that  expected  in  the 
non-enmynic  alkaline  hydrolysis  of  esters.  Jja  wrs  feund  in  the  oase  of  txyi>8izi, 
esters  containing  a  o’^.tolucne'^^-sulphonaiiildc  groip  do  not  hydrolyse  at  the  sum 
rate.  Henoe,  wc  may  conclude  that  for  these  substrates,  deaoylatian  of  an  msgrl.* 
thro^in  is  not  uni<iuely  rate-determining;  the  acylation  step  governed  by  k^  makes 
a  significant  contribution  to  k^  ^opp)*  ^  other  hand  BAME  and  BABB  are 
hydrolysed  by  thronhln  at  indistinguishable  rates,  and  it  may  be  concluded  that 
deaoylatl<ni  is  rate-dotemining,  i.e.  k^  'app)  ~  ^3  *  ^  foregoing  observations 

ore  thus  similar  to  but  rather  more  striking  than  those  found  using  tzypsln.  One 
further  point  may  be  noted;  TUB  and  TAME  are  hydrolysed  at  about  the  seme  rahe  by 
thrombin.  The  distance  between  the  charged  group  in  the  side-chain  and  the 
caxbonyl  group  is  almost  identiced  for  the  two  substrates  idien  the  moleaules  az^  in 
their  energetically  most  favoured  conformations.  '.<0  have  Indicated  in  'ttte  studies 
on  trypsin  that  the  length  of  the  side-ohoin  of  the  substrate  is  isqportant  In  detax^ 
mining  specificity,  and  the  sane  seems  to  be  true  in  the  oase  of  throribln.  In 
preliminary  experiments,  wv  have  found  that  TOMB  is  slowly  hydrolysed  tyr  thronblo. 


H7- 

and  tiw  apparmt  is  hi^  aa  in  the  oaae  of  trypaln.  TOAMB,  on  the  other  hand, 
la  not  appreoiabljr  hydrolyaed  by  thronibin,  emd  in  this  reqpeot  oontreata  sharply  adth 
trypsin. 

Zn  the  previous  Final  Teohnloal  Report  we  recorded  the  results  of  a  lloited 
atudf  of  the  effect  of  temperature  variation  on  Ic^  (app)  ^  lAME-thrombln  eys- 
tea.  Ihe  results  available  at  that  tine  indicated  that  an  Arrhenius  type  of  plot 
was  linear.  More  extensive  measurements  using  both  IAMB  and  BABB  as  substrates 
have  since  shoen  that  plots  of  log  (app)  have  a  marked  curvature 

(Tables  12  and  13,  Figs.  1  and  2).  Fe  are  thus  unable  to  calculate  activation  conr- 

aftaatm  for  thrombln-oatalysed  reaotlons.  It  is  likely  that  this  abnormal  behaviour 
resulta  from  the  presence  of  more  than  one  type  of  esterase  activity  in  the  thrombin 
preparation.  This  is  substantiated  by  the  very  recent  iselatlon  by  Mardnlak  and 
Seegera  (Oanad.  £.  Biochem.  Phvsiol..  19^2,  397)  of  two  fractions  possessing 

esterase  activity  fkom  highly  purified  thrombin.  Ronwin  (Canad.  2.  BLoAen.  ghvaiol.. 
1957,  Tki)  found  that  aero-order  kinetics  in  the  TAME-thrombln  system  were  not 
obeyed  at  3SP  idien  small  oonoontratlons  of  ensjnae  were  enployed,  but  nomal  behaviour 
was  found  in  experiments  vhen  relatively  large  amounts  of  thrombin  were  used. 

Neither  we  nor  Sherry  and  UroU  (j.  Biol.  Chem.,  1954,  208.  95)  have  Observed  this 
phenomenon. 

Table  12. 

(app)  at 

xM  6 A  alone  and  in  the  presenoe  of  oholate. 


Values  of  k^  (app)  quoted  with  standard  deviations;  the  num¬ 
ber  of  determinations  is  given  in  parentheses. 


Tempos  ture 

lO^t  (app)  (®°l®®/il1*^/®in./3oheraga  unitAitre) 

i  c 

No  oholate 

k  nil  cholate  | 

15 

4.826  t  0.197 

,3, 

6,786  2  0.252 

3 

17.5 

5.058  T  0.04fl 

h-, 

7.289  X  0.095 

,4 

20 

5.869  T  0.031 

8.231  I  0.353 

22.5 

5.965  X  0*124. 

,4., 

8.207  X  0.157 

25 

6.754  t  0.431 

9.875  X  0*337 

5 

30 

9.486  j  0.517 

13.533  X  o.oeo 

K 

37 

13.499  -  0.015 

14J 

20,512  *  0.056 

4 

US  PLOTS  FOR  THE  SYSTEM  BAE£ /ThROMWN. 
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Mfeot  of  tefflcaraturc  on  f9r  lyStSff 

at  bH  8Jl  along  and  In  the  presenoo  of  oholate. 

Values  of  (app)  quoted  with  standard  deviations;  the 


number  of  determinations  Is  given  In  parentheses. 


Ronwin  /tllooh<m.  Bioohys.  Acta.  1J59,  ^  326)  has  studied  the  effect  of  pH- 
varlatlon  on  (app)  TAlCE-thrombin  ^stem  and  has  reported  ■Hiat  there  are 

two  dissociating  groups  In  the  ES  oomplex,  and  three  in  the  tree  ensjnse.  In  oon^ 
treat,  Nee  detected  only  one  dissociable  group,  -  6,i^6  *  0.06,  in  the  lAUE- 

tiypsln  system  by  measuring  k^.  ut  various  pH  values  at  high  substrate  ooo- 

oentration.  this  could  be  an  imidasole  group,  but  it  is  likely  that  the  observed 
I*a  lies  between  those  of  the  dissociable  gx*oup  on  the  BS  ooinplex  and  that  on  the 
seriated  enzyme,  since  It  appears  from  the  results  desorlbed  above  ttixt  acylation 
is  partly  rate-determining. 

The  thrombin-catalysed  hydrolyses  of  substrates  suoh  as  TAME,  TABS,  9X101,  and 

I 

TOHE,  which  contain  a  a-jI-toluene-£-sulphonamide  group  ore  accelerated  by  oholate 
and  even  more  by  glyoocholate.  The  thrombin-catalyseo  l^drolysis  of  BAEB,  on  the 
other  hand,  is  markedly  inhibited  by  both  cholate  and  glyoocholate.  9he  inhibition 
of  this  system  is  more  pronounced  than  in  the  oase  of  the  try.  ■'inf^talysed 
hydrolysis  of  BABE.  Ihe  kinetic  modification  by  bile  salts  of  both  trypsin-  and 
thrombin-catalysed  reactions  appears  to  operate  by  a  similar  mechanism;  acylation 
is  accelerated  idille  deacylatlan  is  retarded.  Ihe  results  are  recorded  in  ISables 
12,  13,  and  lA.  Ihere  is  a  quantitative  difference  between  the  effects  of  ohOlate 
•nd  glyoocholate.  The  farmer,  from  its  effect  on  the  hydrolysis  of  BASE,  appears 
to  be  the  more  powerful  inhibitor  of  the  deacylation  step.  Gly(x>oholate,  on  the 
other  hand,  is  the  more  effective  accelerator  of  the  hydrolysis  of  TAME.  This  is 
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t  I 

oonsotumt  ■with  ■the  pos-tulateo  that  hoth  kg  and  k^  oontrlbute  to  the  otreroU  rate  of 

I 

hydrolysis  of  T/JIE  and  that  hile  salts  accelerate  ■the  acylation  step  governed  hy  kg 

I 

emd  inhibit  ■the  de'voylatlon  step  governed  by  k^. 

Table  1ii.. 

I 

Ihe  effect  of  oholato  a.'id  glvoocholate  on  for  thronbln- 

catalYsed  hvarolvses  of  derivatives  of  arginine  and  Ivsine  at  tfl  flA  and  26°. 

f 

Values  of  quoted  ■with  standard  de^viations;  the 

number  of  determinations  is  given  in  parentheses. 


Bile  Salt 

Cono'n 

(nM) 

TAME 

i/li  tre/ffiin./Scher; 

TAKE 

gn  unit/litre). 

TTIil!! 

baee 

msm 

B 

2.988  -  0.051(10) 

Cholate 

1 

; 9.875  -  0.337(5) 

4.539  -  0.062  (3) 

14.17  -  0.60(6) 

14.94  *  0.16(3) 

15.96  -0.63(3) 

2.370  i  0.088  (3; 

1 .798  i  0.059  (y 

1 .603  -  0.069  (3! 

Glycocholate 

2 

4 

6 

13.98  t  0.22  (5) 

15.78  -  0.49  (6) 

16.09  -  0.19  (4) 

15.29  -  0.30(4) 

17.80  i  0.46(3) 

19.29  *  0.27(4) 

2.326  i  0.025  (4 
2.202  i  0.029  (4! 

1.965  -  0.140  (3! 

^e  have  also  determined  the  apparent  Ky  for  the  BAKE*-  and  TAUE— thrombin  systems 
alone  and  in  the  ja-esence  of  cholate  end  glycocholr.te ,  The  values  of  the 

absence  of  bile  salts  were  sufficiently  high  to  be  determined  by  ■the  orthodox 
technique.  In  presence  of  bile  salts,  however,  the  •values  of  vrex-e  depressed 

to  an  extent  that  made  it  necessary  to  measure  velocities  during  the  course  of  single 
runs  by  ■the  larocess  of  st.'.tistically  fitting  orWioponal  polynomials  to  the  e:q?erl- 
mentnl  pH-stat  traces  and  differentirting  the  polynomials  at  varicus  stages  during 
■the  reactions.  IhiE  method  cm  only  be  used  if  the  products  of  hydrolysis  are  not 
inhibitory.  TVe  showed  in  sep- rate  experiments  that  addition  of  a-jf-toluene-]^ 
sulphonyl-lr-arglnine  -to  the  T/iME-tlirombin  system  or  of  a-J{^ensoyl*{f-arginlne  to  -the 
BAKE  ■thrombin  system  did  not  oroducc  any  detectable  alteration  in  velocity.  The 
me'thod  is  liable  to  fairly  considerable  error,  but  the  effect  of  bile  salts  is 
sufficiently  mronouncod  for  certain  trends  to  be  seen.  The  results  are  presented 
in  Table  15» 
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t>>»  WAMU  ^r,A  <PAi«,throiiibln  avsteiiiB  at  i>H  8J..  and  2«;° 
Heon  values  of  quoted  with  standard  deviations;  the 

nuniber  of  determinations  is  given  in  parentheses. 


Bile  Salt 

■'  (app)  (“olesAltre  ) 

BAEE 

SAME 

None 

1.6l  t  0.39  (5) 

3.21  i  0.78  (7) 

Oholate  (2nil) 

0.60  t  0.10  (6) 

0.50  i  0.23  (6) 

Glycholate  (2iiM) 

0.74  -  0.14  (5) 

0.54  -  0.26  (5) 

Ihe  effect  on  alterations  to  kg  and  is  analysed  in  Part  II,  in 

I  I 

increase  in  kg  or  a  decrease  in  ky  both  of  which  appear  to  result  from  addition  of 

bile  salts,  lead  to  a  decrease  in  observation  that  the  'the 

TiWE-thrombln  system  is  more  sensitive  than  that  for  the  B&ZB-thrombin  system  in 

f  I 

presence  of  oholate  is  consistent  with  the  view  that  kg^^k^  in  the  latter  case. 

A  few  experiments  have  been  carried  out  to  determine  the  effect  of  the  non-lonio 
detergents  Tween  20,  Traen  itO,  and  Tween  80  on  thrombln-Ksatalysed  reactions.  The 
hydrolysis  of  BASE  is  slightly  accelerated,  jdille  that  of  TAME  is  considerably 

accelerated.  In  the  light  of  the  feregoing  discussion,  it  appears  that  the  non- 

»  • 

lonio  detergents  slightly  Increase  k^  and  effect  a  considerable  increase  in  kg.  The 
results  axe  given  in  Table  l6. 


Bffect  of  non-ionic  detergents  on  ^3(appJ  for  the  th-x?nbin-catalvsed 
hydrolysis  of  TAim  n>id  mm  nt.  rft  8J.  and  25°. 

I 

'Values  of  ere  quoted  w  ith  standard  deviations;  the  number 

of  determinations  is  given  in  parentheses. 

Detergent  Con^jl^tton  l0^kj^^^j(moles/litre/iain,/^oheraga  unitAitre), 


TAME 

baeb 

None 

0 

6.754  i  0.431  (4) 

3.246  *  0.013  (15) 

Tween  20 

0.3 

9.422  :  0.140  (3) 

3.667  i  0.096 

(4) 

1.2 

11.026  -  0.486  (3) 

Tween  40 

0.3 

9.219  -  0.331  (4) 

1,2 

9.159  1  0,097  (4) 

3,5V  *  0.062 

(3) 

Tween  80 

0.3 

11.603  i  0.301  (5) 

3.920  -  0.116 

(4) 
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Prom  the  foregoing  work,  it  ie  evident  that  trypsin  end  thrombin  closely  resemble 
one  another.  Thronibin,  however,  does  appear  to  be  somevtiat  more  speolflo  (see 
Soheraga  and  Laskowski,  Protein  Chem..  1 957»  12,  1 ),  since  it  has  virtually  no 
action  on  IHAIQ).  The  oonversion  of  fibrinogen  into  fibrin  is  a  further  example  of 
the  greater  specificity  of  thrombin  compared  with  trypsin.  Although  fibrin  is  not  a 
substrate  for  thrombin,  except  perhaps  in  presence  of  high  ensyme  conoentrations 
(Guest  and  Ware,  Science.  1950,  112,  21 ),  trypsin  is  capable  of  effecting  considerable 
degradation  involving  the  cleavage  of  peptide  bonds.  Both  thrombin  and  trypsin  i^ear 
to  catalyse  the  hydrolysis  of  synthetic  substrates  by  a  three-stq>  neohanism,  end,  for 
a  given  substrate,  the  relative  importance  of  each  step  in  determining  the  overall 
kinetics  is  very  similar.  liie  behaviour  of  kinetic  modifiers  such  as  cholate  appears 
to  be  qualitatively  similar  with  both  enzymes;  the  step  governed  by  k^  is  aooelerated 
and  that  controlled  by  k^  is  slightly  retarded.  If  this  theory  can  be  oonfirmed  by 
further  experiments  using  other  substrates,  it  is  possible  that  such  kinetic  modifiers 
will  be  useful  in  elucidating  the  mechanism  of  enzyme-catalyscd  procesmas.  It  is  not 
possible  yet  to  assess  with  certainty  the  inportance  of  anionic  surfaoe>aotive  agenta 
such  as  bile  salts  or  ohospholipids  on  biological  processes  such  as  protein  digestion 
and  blood-clotting,  which  depend  on  trypsin  and  thrombin.  The  kinetic  mechanism  of 
those  reactions  described  in  this  report  appears  to  be  more  complex  than  at  first 
seemed  to  be  the  case.  '.?e  have  not  had  time  to  stuc^  the  effect  of  cholate  and  glyoo- 
cholate  on  more  complex  reactions  such  as  the  conversion  of  fibrinogen  into  fibrin,  nor 
have  we  been  able  to  atu^  the  kinetics  of  reactions  catalysed  by  ploaniit.  Clearly,  it 
would  be  of  considerable  interest  to  do  this.  We  wculd  hove  liked  to  have  studied 
the  effect  of  bile  sedts  on  the  pre-steady  state  using  substrates  such  os  p-nitropheiyl 
acetate,  but  delays  In  obtaining  commercial  equipment  precluded  this.  It  is  hoped, 
however,  that  the  authors  will  be  in  a  position  to  tackle  some  of  theae  problems  in 
the  near  future. 


■.Tllffi! 


AMDBCEEMSES. 


Mr.  N.  J.  Baines  worked  on  this  contract  from  its  connencement  until  the  end  of 
the  second  quarter.  Mr.  E.  P.  Curragh  has  worked  on  this  contract  throughout  the 

vdjolc  period.  Both  men  have  devoted  their  ooc^jlete  attention  to  the  problem  during 
the  time  that  they  have  been  paid  under  the  contract. 

The  coat  of  ohemlcals  and  of  preparing  reports  has  exceeded  the  original  estimate 

•f  £79. 


